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Injury to the structures of the medial elbow is common among
baseball players. The injury can result from repeated valgus stress
of the elbow. Several types of injury to the structures of the medial
elbow have been reported.1 These injuries cause valgus instability
and pain of medial aspect of the elbow during pitch.2e4 Avulsion
fractures of the sublime tubercle of the ulna are rare and generally
develop after bone maturation in baseball players.5 To the best of
our knowledge, there are only three reports in the English ortho-
pedic literature regarding this type of fracture.5e7 According to
these reports, conservative treatment is performed initially. As a
secondary treatment, bone ﬁxation or ulnar collateral ligament
reconstruction is performed when bone union cannot be ach-
ieved.6,7 Additionally, avulsion fractures of the sublime tubercle of
the ulna are often overlooked, and therefore, are liable to involve
non-union. Ulnar collateral ligament reconstruction results in a
high rate of successful return to baseball, as reported in a system-
atic review,8 but no reports have exclusively studied avulsion
fractures of the sublime tubercle of the ulna. If patients receive the
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).they should inevitably receive post-operative management and
long-term rehabilitation for at least 6 months.8,9 Thus, a novel
treatment for avulsion fractures of the sublime tubercle of the ulna
is needed. Extracorporeal shock wave therapy (ESWT) is performed
for stress fractures and non-union cases, and good results have
been obtained in recent years.10e14 ESWT can be a novel treatment
for avulsion fractures of the sublime tubercle of the ulna; however,
no reports of its use have been published. This is the ﬁrst report
describing ESWT for delayed-union avulsion fractures of the sub-
lime tubercle of the ulna.
Methods
The present study was approved by the Ethics Committee of our
institution (H24-144). We obtained written informed consent from
the patients. As per our criteria, patients who did not develop union
over the 3 months, and who were not administered pain relief
medication were included in the study, while those who had acute
fractures were excluded.
ESWT protocol
The focused shock wave generator was used (Epos Ultra®;
Dornier MedTech GmbH, Wessling, Germany). Patients received
3500 impulses at 0.36 mJ/mm2 without anesthesia, and the energy
was gradually increased (total, 1300 mJ/mm2).
Irradiation and follow up
ESWT was performed by the same orthopedic surgeon in both
cases. Patients were placed in the supine position with a 90
shoulder abduction and a 0 elbow extension. At the start of
treatment, the most painful point of the medial elbow was
conﬁrmed to be the sublime tubercle by ultrasound. The point wasby Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND
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delivered to the highlighted site (Fig. 1). ESWT was performed once
on each patient. Bone unionwas checked every 4 weeks by plain X-
ray or computed tomography (CT).Fig. 2. Case 1. Computed tomography scan before extracorporeal shock wave therapy
(left). Note the bone fragment at the sublime tubercle (arrow, left). Computed to-
mography scan 8 weeks after extracorporeal shock wave therapy (right) showed union
of the fractured bone of the sublime tubercle (arrow, right).
Fig. 3. Case 2. Anteroposterior radiograph (left) and computed tomography (right) of
the right elbow joint. Note the bone fragment at the sublime tubercle (arrow).Case reports
Case 1: A 15-year-old male high school baseball pitcher expe-
rienced pain in the medial aspect of the elbow of his dominant
hand during pitching. The patient initially rested from pitching and
did not seek medical attention, but the pain in his elbow did not
improve. He was examined at our orthopedic clinic after a 3-month
break from pitching and upper limb training. Local compression
pain in the medial aspect of the elbow and pain causing valgus
stress were detected. No limitation of the range of motion was
described. CT showed a bone fragment in the sublime tubercle of
the ulna. Bone sclerosis was noted in the fracture edge, and,
therefore, he was diagnosed with a stress fracture (Fig. 1). After 1
month of fulltime immobilization of the elbow, the pain was not
relieved. ESWT was performed 4 months after the ﬁrst incident of
pain. The elbowwas immobilized fulltime with a splint for 4 weeks
after ESWT. The compression pain was decreased but was still
present. Range of motion exercises were allowed 4 weeks after
ESWT. Eight weeks after ESWT, no elbow pain was reported, and
bone union was identiﬁed on CT (Fig. 2). He was allowed to play a
game of catch 8 weeks after ESWT and to pitch at full effort 3
months after ESWT. No elbow pain during pitching had been re-
ported at 6 months after ESWT.
Case 2: A 16-year-old male high school baseball pitcher expe-
rienced pain in the medial aspect of the elbow of his dominant
hand during pitching. He had experienced pain in the same area
and the pain had been improved with rest from pitching when he
was in junior high school. Therefore, the patient initially rested
from pitching and did not seek medical attention, but the pain in
his elbow did not improve. He was examined at the orthopedic
clinic after a 1-month break from pitching, Local compression pain
in the medial aspect of the elbow and pain causing valgus stress
was detected. The range of motion was limited from 17 to 135.
Anteroposterior radiography and CT showed a bone fragment in the
sublime tubercle of the ulna (Fig. 3). After 1 month of immobili-
zation, ESWT was performed, because the pain did not subside. The
elbow was immobilized fulltime with a splint for 4 weeks after
ESWT before range of motion exercises were allowed. Six weeks
after ESWT, no local compression pain of the medial aspect of theFig. 1. Extracorporeal shock wave therapy being performed. The sublime tubercle was
conﬁrmed to be the point of irradiation by ultrasound.elbow was reported. Bone union was identiﬁed on performing
anteroposterior radiography 14 weeks after ESWT, and the patient
could pitch with full effort (Fig. 4). The range of motion wasFig. 4. Case 2. Anteroposterior radiograph 14 weeks after treatment. Note the union of
the fractured bone of the sublime tubercle (arrow).
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been reported at 6 months after ESWT.Discussion
In the present cases, stress fractures of the sublime tubercle of
the ulna that did not heal after resting from pitching were suc-
cessfully treated with ESWT. In the previous study, six of eight
patients with sublime tubercle fractures did not respond to non-
operative treatment consisting of immobilization with a range of
motion brace for 8 weeks, followed by full-effort pitching at 12
weeks. Two of these patients ultimately underwent ulnar collat-
eral ligament reconstruction, and four required bone ﬁxations
using bioabsorbable anchors. Finally, these patients returned to
pitching 4e6 months after bone ﬁxation and 9e12 months after
ulnar collateral ligament reconstruction.3 Screw ﬁxation for an
avulsion fracture of the sublime tubercle was reported in a case
report, and the patient returned to pitch 6 months after surgery.6
In each reported case, patients inevitably received operative
management and long-term rehabilitation. In the present two
cases, patients were able to avoid surgery, and through ESWT
returned to pitch 3 months after treatment without any reported
re-fractures, which is faster than any other reported case. Addi-
tionally, ESWT is believed to activate osteoblasts surrounding the
fracture, which aid in bone union. Shockwaves activate extracel-
lular signal-regulated kinase and p38 kinase, which are important
factors for bone formation, promote bone marrow stromal cell
growth and differentiation toward osteoprogenitors associated
with TGF-b1 and VEGF induction.15,16 ESWT is clinically performed
for stress fractures and non-union cases with good results.10e14
ESWT can be a novel treatment for avulsion fractures of the sub-
lime tubercle of the ulna, but no reports of its use have been
published. This is the ﬁrst report describing ESWT for delayed-
union avulsion fractures of the sublime tubercle of the ulna. In
the present cases, no major complications were detected. ESWT is
a known treatment with few complications.12 Local pain during
irradiation is the most frequent complication, and some patients
experience local swelling and perceptual disorder.17 Rupture of the
Achilles tendon after ESWT has been previously reported in a case
report, but this case had undergone injection of steriods.18 To the
best of our knowledge, there are no reports describing major
complications such as refractures, continuous pain, or local
dysfunction associated with ESWT for musculoskeletal tissue.
However, no previous reports have described irradiation of the
medial aspect of the elbow. For this reason, long-term follow up is
needed.
This report has some limitations. Both subjects were treated by
the same two methods; ESWT and immobilization. A further limi-
tation was that case 2 did not undergo a CT scan after ESWT.Conclusion
ESWTappears to be a successful non-invasive therapy to achieve
bone union for stress fractures of the sublime tubercle of the ulna,
allowing the patient to return to pitching.
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